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METHOD FOR MANUFACTURING GALLIUM
OXIDE BASED SUBSTRATE, LIGHT
EMITTING DEVICE, AND METHOD FOR
MANUFACTURING THE LIGHT EMITTING
DEVICE

The present application claims priority under 35 U.S.C.
119 and 35 U.S.C. 365 to Korean Patent Application No.

10-2008-0114144 (1iled on Nov. 17, 2008), which 1s hereby
incorporated by reference 1n its entirety.

BACKGROUND

The present disclosure relates to a method for manufactur-
ing a gallium oxide based substrate, a light emitting device,
and a method for manufacturing the light emitting device.

Nitride semiconductors attract a great attention 1n the opti-
cal device and high-power electronic device development
fields because of their high thermal stability and wide band-
gap energy. In particular, blue, green and UV light emitting
devices using nitride semiconductors have been commercial-
1zed and widely used.

Nitride semiconductor light emitting devices include a
nitride semiconductor layer that 1s organic-chemically depos-
ited over a sapphire substrate being a dissimilar substrate.

The sapphire substrate has an electrically insulating char-
acteristic. Thus, in order to apply a voltage to the nitride
semiconductor layer, 1t 1s necessary to partially etch the
nitride semiconductor layer or remove the sapphire substrate.

The nitride semiconductor light emitting devices may be
classified into lateral type nitride semiconductor light emut-
ting devices and vertical type nitride semiconductor light
emitting devices according to position of an electrode layer.

In the case of the lateral type nitride semiconductor light
emitting devices, a nitride semiconductor layer 1s formed over
the sapphire substrate, and two electrode layers are formed to
be arranged over the nitride semiconductor layer.

In the case of the vertical type nitride semiconductor light
emitting devices, anitride semiconductor layer 1s formed over
the sapphire substrate, the sapphire substrate 1s separated
from the nitride semiconductor layer, and two electrode lay-
ers are formed to be arranged on and under the nitride semi-
conductor layer, respectively.

Meanwhile, the lateral type mitride semiconductor light
emitting devices need to remove a portion of the nitride semi-
conductor layer 1n order to form the two electrode layers, and
has limitations 1n that the reliability and efficiency of light
emission characteristic are degraded because of non-uniform
current distribution.

Furthermore, the vertical type nitride semiconductor light
emitting devices need to have the sapphire substrate sepa-
rated.

Therefore, many researches have been made on vertical
type mitride semiconductor light emitting devices, 1n particu-
lar, nitride semiconductor light emitting devices that need not
separate the substrate by the use of conductive substrates.

SUMMARY

Embodiments provide a method for manufacturing a gal-
lium oxide based substrate, a light emitting device, and a
method for manufacturing the light emitting device.

Embodiments provide a method for manufacturing a gal-
lium oxide based substrate, which 1s capable of forming a
high-quality nitride semiconductor layer, a light emitting,
device, and a method for manufacturing the light emitting
device.
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In an embodiment, a light emitting device includes a gal-
lium oxide based substrate; a galllum oxynitride based layer
on the gallium oxide based substrate; a first conductivity-type
semiconductor layer on the gallium oxynitride based layer; an
active layer on the first conductivity-type semiconductor
layer; and a second conductivity-type semiconductor layer on
the active layer.

In an embodiment, a method for manufacturing a gallium
oxide based substrate includes obtaining a gallium oxide
based substrate; and performing a thermal treatment on the
gallium oxide based substrate in an oxygen atmosphere.

In an embodiment, a method for manufacturing a light
emitting device includes obtaining a galllum oxide based
substrate; forming a gallium oxynitride based layer on the
gallium oxide based substrate; forming a first conductivity-
type semiconductor layer on the gallium oxynitride based
layer; forming an active layer on the first conductivity-type
semiconductor layer; and forming a second conductivity-type
semiconductor layer on the active layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view for explaining a method for
manufacturing a gallium oxide based substrate, and a light
emitting device manufactured by a method for manufacturing
a light emitting device according to an embodiment.

FIG. 2 1s a flowchart illustrating a method for manufactur-
ing a light emitting device according to an embodiment.

FIG. 3 15 a diagram for explaining surface scratches of a
gallium oxide based substrate.

FIGS. 4 and 5 are diagrams for explaining the surface of the
gallium nitride based layer grown to 100 nm thick on the
scratched gallium oxide based substrate.

FIG. 6 illustrates the surface of the gallium oxide based
substrate after the thermal treatment i1s performed on the
gallium oxide based substrate in an oxygen atmosphere.

FIG. 7 illustrates the surface of the gallium nitride based
layer grown to 100 m thick on the gallium oxide based sub-
strate that has been thermally treated in an oxygen atmo-
sphere.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Reference will now be made 1n detail to the embodiments
ol the present disclosure, examples of which are 1llustrated 1n
the accompanying drawings.

In the description of embodiments, 1t will be understood
that when a layer (or film), region, pattern or structure 1s
referred to as being ‘another’ layer (or film), region, pad or
pattern, the terminology of “on” and ““under’ includes both the
meanings of ‘directly” and ‘indirectly’. Further, the reference
about ‘on’ and ‘under’ each layer will be made on the basis of
drawings.

In the drawings, the thickness or size of each layer 1s
exaggerated, omitted, or schematically illustrated for conve-
nience 1n description and clanty. Also, the size of each ele-
ment does not entirely retlect an actual size.

FIG. 1 1s a sectional view for explaining a method for
manufacturing a gallium oxide based substrate, and a light
emitting device manufactured by a method for manufacturing
a light emitting device according to an embodiment.

Referring to FIG. 1, a first conductivity-type semiconduc-
tor layer 20, an active layer 30, and a second conductivity-
type semiconductor layer 40 are formed on a gallium oxide
based substrate 10. A first electrode layer 50 1s disposed under
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the gallium oxide based substrate 10, and a second electrode
layer 60 1s disposed on the second conductivity-type semi-
conductor layer 40.

Furthermore, a gallium oxynitride based layer 11 may be
formed between the gallium oxide based substrate 10 and the
first conductivity-type semiconductor layer 20.

The gallium oxide based substrate 10 may be formed of
gallium oxide (Ga,O;) and may have excellent electrical
conductivity due to impurity doping.

Also, the galllum oxide based substrate 10 may be formed
of one of (InGa),0;, (AlGa),0;, or (InAlGa),0,.

The first conductivity-type semiconductor layer 20 may be
an n-type semiconductor layer. For example, the first conduc-
tivity-type semiconductor layer 20 may be a gallium nitride
(GalN) based layer into which n-type impurities are doped.

Also, the n-type semiconductor layer may be formed of one
of InGaN, AlGaN, InAlGaN, AlInN, AlGaN/GaN SPS (short-
period superlattice), or AlGaN/AlGaN SPS (short-period
superlattice) into which n-type impurities are doped.

The active layer 30 1s a layer 1n which electrons and holes
from the first conductivity-type semiconductor layer 20 and
the second conductivity-type semiconductor layer 40 are
recombined to emit light. The active layer 30 may include a
barrier layer and a well layer. For example, the active layer 30
may be a galllum nitride layer or an indium-containing gal-
llum nitride layer.

Also, the active layer 30 may be formed of one of InGaN/
(GaN, InGaN/InGaN, or InGaN/AlGaN.

The second conductivity-type semiconductor layer 40 may
be a p-type semiconductor layer. For example, the second
conductivity-type semiconductor layer 40 may be a gallium
nitride based layer into which p-type impurities are doped.

Also, the p-type semiconductor layer may be formed of one
of InGalN, AlGaN, InAlGaN, AlInN, AlGaN/GaN SPS (short-
period superlattice), or AlGaN/AlGaN SPS (short-period
superlattice) into which p-type impurities are doped.

The first electrode layer 50 and the second electrode layer
60 may be formed of a conductive material such as a metal.

The structure of the light emitting device 1llustrated 1n FIG.
1 1s merely exemplary, and the present invention 1s not limited
thereto. In manufacturing the light emitting device, another
semiconductor layer that 1s not described i FIG. 1 may be
turther included between the semiconductor layers illustrated
in FIG. 1. For example, an n-type semiconductor layer may
further be formed between the second conductivity-type
semiconductor layer 40 and the second electrode layer 60.

Meanwhile, gallium oxide i1s thermodynamically unstable
and mechanically vulnerable at high temperature.

The crystal structure of galllum oxide 1s a monoclinic
system and has a strong cleavage characteristic with respect
to a specific crystal plane, that 1s, (100) plane and (001 ) plane.
Thus, when gallium oxide 1s manufactured 1n a thin film form,
layers are easily separated and the surface treatment 1s diffi-
cult.

Therelore, 1n accordance with an embodiment, the gallium
nitride based layer can be grown on the gallium oxide based
substrate 10 into a high-quality thin film through the surface
treatment of the gallium based substrate 10.

FI1G. 2 1s a flowchart 1llustrating a method for manufactur-
ing a light emitting device according to an embodiment.

Referring to FI1G. 2, a gallium oxide based substrate 10 1s
prepared (or obtained) (8100). The gallium oxide based sub-
strate 10 may be a gallium oxide based substrate into which
first conductivity-type impurities such as silicon (S1) are
doped 1n order to improve the electrical conductivity.

A wet cleaning 1s performed on the gallium oxide based
substrate 10 to remove organic material or inorganic material
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remaining on the gallium oxide based substrate 10. For
example, 1n the wet cleaning, an acid cleaning may be per-
formed aifter an organic cleaning.

The organic cleaning 1s to remove foreign materials from
the gallium oxide based substrate 10 by using acetone and
methanol, and the acid cleaming 1s to remove gallium oxide
particles existing on the gallium oxide based substrate 10 in a
protrusion shape by using tluoric acid, sulfuric acid, and
hydrogen peroxide.

For example, as the organic cleaning method, the gallium
oxide based substrate 10 1s dipped into acetone and methanol,
an ultrasonic cleaning 1s performed for three minutes, and
then, an ultrasonic cleaning 1s performed with deionized
water for three minutes.

Meanwhile, the gallium oxide based substrate 10 1s made
by mechanically cutting a gallium oxide crystal ingot into a
predetermined size and 1n a predetermined crystal direction.
Theretore, surface scratch 1s formed on the surface of the
gallium oxide based substrate 10 during the cutting process.

FIG. 3 1s a diagram for explaining surface scratches of the
gallium oxide based substrate. It can be seen from FIG. 3 that
many surface scratches 15 occur in the galllum oxide based
substrate 10.

If the galllum mitride based layer 1s formed on the gallium
oxide based substrate 10 with the surface scratches 15, a
high-quality gallium nitride based layer cannot be obtained.
Such surface scratches 15 are not removed by the wet clean-
ng.

FIGS. 4 and 5 are diagrams for explaining the surface of the
gallium nitride based layer 23 grown to 100 nm thick on the
scratched gallium oxide based substrate.

FIG. 4 illustrates a gallium nitride based pattern having a
different phase from 1ts periphery and having a protrusion
shape on the surface of the gallium nitride based layer 23, and
FIG. 3 1llustrates a galllum nitride based pattern 22 having a
valley-like recessed shape on the surface of the galllum
nitride based layer 23 because the growth rate 1s retarded
compared with 1ts periphery.

As 1llustrated 1n FIGS. 4 and 5, the surface shape of the
gallium nitride based layer 23 1s determined according to the
shape of the surface scratches of the gallium oxide based
substrate 10.

Meanwhile, 1n order to grow the high-quality gallium
nitride based layer on the gallium oxide based substrate 10, 1t
1s necessary to remove the surface scratches 15 of the gallium
oxide based substrate 10.

Referring again to FIG. 2, according to the embodiment,
the thermal treatment 1s performed on the gallium oxide based
substrate 10 1n an oxygen atmosphere 1n order to remove the
surface scratches occurring on the surface of the gallium
oxide based substrate 10.

That 1s, an oxygen gas or mixed gas containing oxygen gas
as a main gas 1s injected into a chamber, and the thermal
treatment 1s performed on the gallium oxide based substrate
10 at a temperature of 900-1400° C. for three minutes to three
hours. In this case, when the thermal treatment temperature 1s
high, the thermal treatment 1s performed for a short time. On
the contrary, when the thermal treatment temperature 1s low,
the thermal treatment 1s performed for a long time.

For example, according to a method of performing the
thermal treatment 1n the oxygen atmosphere, the galllum
oxide based substrate 10 1s put into the chamber, and the
temperature of the chamber 1s increased to 1100° C. while
supplying high-purity oxygen gas into the chamber at a tlow
rate of 5 slm, and then, a high-temperature oxygen thermal
treatment 1s performed for one hour. The wet cleaning may be
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again performed on the gallium oxide based substrate 10 that
has been thermally treated 1n the oxygen atmosphere.

If the thermal treatment 1s performed on the gallium oxide
based substrate 10, atoms on the surface of the gallium oxide
based substrate 10 are thermally migrated to the most ther-
mally stable position, so that surface atoms are rearranged.
Theretore, the surface scratches 135 of the gallium oxide based
substrate 10 can be reduced or eliminated.

Meanwhile, since the melting point of gallium oxide 1s
1725° C., 11 the thermal treatment 1s performed at a tempera-
ture higher than 1400° C., crystal atoms on the surface of the
gallium oxide based substrate 10 are thermally molten and
evaporated, and thus, the characteristics of the surface of the
gallium oxide based substrate 10 1s degraded. If the thermal
treatment 1s performed at a temperature lower than 900° C.,
the surface scratches 15 cannot be eflectively reduced or
climinated because of low mobility of the crystal atoms on the
surface of the gallium oxide based substrate 10.

FIG. 6 illustrates the surface of the gallium oxide based
substrate after the thermal treatment 1s performed on the
gallium oxide based substrate in an oxygen atmosphere.

It can be seen from FIG. 6 that when the thermal treatment
1s performed on the galllum oxide based substrate 10 in an
oxygen atmosphere, most surface scratches 15 of the gallium
oxide based substrate 10 are reduced or eliminated and only
slight impressions remain. That 1s, a surface of the gallium
oxide based substrate 10 1s essentially free of the scratches. In
embodiments of the present invention, reference to the sur-
face being essentially free of the scratches refers to a state of
the surface having the scratches reduced or removed due to
the thermal treatment. That 1s, the scratches are reduce or
removed relative to the surface before the thermal treatment.

FIG. 7 1llustrates the surface of the gallium nitride based
layer grown to 100 nm thick on the gallium oxide based
substrate that has been thermally treated 1n an oxygen atmo-
sphere.

Compared with FIGS. 4 and 5, most impressions caused by
the surface scratches on the surface of the gallium nitride
based layer 23 are removed and the gallium nitride based
pattern 21 slightly remains.

Referring again to FIG. 2, the thermal treatment 1s per-
formed on the gallium oxide based substrate 10 1n an oxygen
atmosphere, and then, high-temperature nitridation treatment
1s selectively performed on the gallium oxide based substrate
10 1n an ammonia atmosphere (5120).

The high-temperature nitridation process may be per-
formed by 1njecting ammonia gas, a mixed gas of ammonia
gas and oxygen gas, or a mixed gas ol ammonia gas and
nitrogen gas 1nto the chamber.

Through the lhigh-temperature nitridation process, a gal-
lium oxynitride based layer 11 1s formed on the gallium oxide
based substrate 10. The gallium oxynitride based layer 11
may serve as a bulfer layer of a gallium mitride based layer,
which will be grown later, and makes 1t possible to form a
high-quality gallium nitride based layer on the gallium oxide
based substrate 10.

In this case, the electrical conductivity of the gallium
oxynitride based layer 11 can be improved by supplying a
s1licon-containing gas such as silane gas to the gas injected
into the chamber.

Then, a first conductivity-type semiconductor layer 20 1s
grown on the gallium oxynitride based layer 11 (S130), an
active layer 30 1s grown on the first conductivity-type semi-
conductor layer 20 (S140), and a second conductivity-type
semiconductor layer 40 1s grown on the active layer 30

(S150).
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For example, the first conductivity-type semiconductor
layer 20 may be formed by injecting trimethylgallium
(TMGa) gas, ammonia gas (NH;), nitrogen gas (N,), and
silane gas (S1H,) containing n-type impurity such as silicon
(S1) 1nto the chamber.

Furthermore, the active layer 30 may be formed 1n a mul-
tiple quantum well structure having InGaN/GaN structure by
injecting trimethylgallium (TMGa) gas, ammonia gas (INH,),
nitrogen gas (N,), and trimethylindium (TMIn) gas, for
example.

Moreover, the second conductivity-type semiconductor
layer 40 may be formed by injecting trimethylgallium
(TMGa) gas, ammonia gas (NH;), nitrogen gas (N,), and
bis(ethylcyclopentadienyl )magnesium (EtCp,Mg){ Mg
(C,H,C;H,),} into the chamber, for example. In other
embodiments, other group II impurities, or other group 1mpu-
rities may be used.

A first electrode layer 50 1s formed below the gallium oxide
based substrate 10, and a second electrode 60 1s formed on the
second conductivity-type semiconductor layer 40.

As mentioned above, according to the embodiment, a high
quality gallium nitride based layer may be grown on the
gallium oxide based substrate 10 by the surface treatment of
the galllum oxide based substrate 10.

Furthermore, a higher quality gallium nitride based layer
may be grown on the gallium oxide based substrate 10 by
forming the gallium oxynitride based layer 11 on the surface
of the gallium oxide based substrate 10.

Moreover, the electrical conductivity of the gallium oxyni-
tride based layer 11 can be further improved by injecting (or
introducing) the impurities into the gallium oxynitride based
layer 11.

By forming the nitride semiconductor layer on the sub-
strate having the electrical conductivity through those proce-
dures, the vertical type light emitting devices can be manu-
factured without removal of the substrate.

In embodiments of the present invention, reference to pre-
paring or obtaining a gallium oxide based substrate 10 1n FIG.
2 includes obtaining a prepared gallium oxide based substrate
that 1s sourced.

Embodiments provide a method for manufacturing a gal-
llum oxide based substrate, a light emitting device, and a
method for manufacturing the light emitting device.

Embodiments provide a method for manufacturing a gal-
lium oxide based substrate, which 1s capable of forming a
high-quality nitride semiconductor layer, a light emitting
device, and a method for manufacturing the light emitting
device.

Any reference 1n this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s 1ncluded 1n at least one
embodiment of the invention. The appearances of such
phrases 1n various places 1n the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled 1n the art to effect such
feature, structure, or characteristic 1n connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible 1n the component parts and/or arrange-
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ments of the subject combination arrangement within the
scope ol the disclosure, the drawings and the appended
claims. In addition to vanations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What 1s claimed 1s:

1. A light emitting device, comprising:

a gallium oxide based substrate;

a gallium oxynitride based layer on the gallium oxide based

substrate;

a first conductivity-type semiconductor layer on the gal-

llum oxynitride based layer;

an active layer on the first conductivity-type semiconduc-

tor layer; and

a second conductivity-type semiconductor layer on the

active layer.

2. The light emitting device according to claim 1, further
comprising;

a first electrode layer under the gallium oxide based sub-

strate; and

a second electrode layer on the second conductivity-type

semiconductor layer.

3. The light emitting device according to claim 1, wherein
the gallium oxynitride based layer comprises first conductiv-
ity-type impurities.

4. The light emitting device according to claim 1, wherein
the gallium oxide based substrate contains first conductivity-
type impurities.

5. The light emitting device according to claim 1, wherein
the first conductivity-type semiconductor layer comprises a
gallium nitride based layer containing n-type impurities, and
the second conductivity-type semiconductor layer comprises
a galllum nitride based layer containing p-type impurities.

6. The light emitting device according to claim 1, wherein
the active layer comprises a gallium nitride based layer or an
indium-containing gallium nitride based layer.
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7. The light emitting device according to claim 1, wherein
a surface of the galllum oxide based substrate 1s essentially
free of scratches.
8. A method for manufacturing a light emitting device, the
method comprising:
obtaining a gallium oxide based substrate;
forming a gallium oxynitride based layer on the gallium
oxide based substrate;
forming a first conductivity-type semiconductor layer on
the gallium oxvynitride based layer;
forming an active layer on the first conductivity-type semi-
conductor layer; and
forming a second conductivity-type semiconductor layer
on the active layer.
9. The method according to claim 8, further comprising:
forming a first electrode layer under the gallium oxide
based substrate; and
forming a second electrode layer on the second conductiv-

ity-type semiconductor layer.
10. The method according to claim 8, wherein the obtain-

ing of the gallium oxide based substrate comprises performs-
ing a thermal treatment on the gallium oxide based substrate
in an oxygen atmosphere.

11. The method according to claim 8, wherein the galllum
oxide based substrate contains first conductivity-type impu-
rities.

12. The method according to claim 8, wherein the gallium
oxynitride based layer contains first conductivity-type impu-
rities.

13. The method according to claim 8, wherein the first
conductivity-type semiconductor layer comprises a gallium
nitride based layer containing n-type impurities, and the sec-
ond conductivity-type semiconductor layer comprises a gal-
lium nitride based layer containing p-type impurities.

14. The method according to claim 8, wherein the active
layer comprises a gallium nitride based layer or an imndium-
containing gallium nitride based layer.
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